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Abstract
We explore the parameter regions on the scalar coupling in a nonuniversal U(1)′ extension of the Standard Model
free from anomalies with a complex scalar dark matter particle. Using recent data from the CERN-LHC collider, we
study the signal strenght of the diphoton Higgs decay, which imposes very stringent bounds to the scalar couplings
and other scalar parameters, including parameters associated to the dark matter.
Keywords: U(1)′ extension, Higgs sector, Higgs decay, Dark matter.
1. Introduction
At present, the possible conﬁrmation by the LHC of
a scalar particle identiﬁed as the Higgs boson has in-
creased the study of its diﬀerent decay channels, where
the diphoton decay is one of the most prominent pro-
cess, because of the excess reported by LHC [1, 2].
These excesses may be associated with new symmetries
in models beyond the Standard Model (SM).
In particular, family non-universal U(1)′ symmetry
models have many motivations to be considered, be-
cause they involve a large number of phenomenological
consequences and theoretical aspects as ﬂavor physics
[3], physics of neutrinos [4], dark matter [5], among
other eﬀects. These models also involve a new neutral
boson Z′; something else new anomalies appear. It is
necessary to extend of the fermionic spectrum in order
to obtain a chiral theory free of anomalies. On the other
hand, the new symmetries require an extended scalar
sector to generate the spontaneous breaking of the new
Abelian symmetry and to get masses for the new gauge
boson Z′ and the extra fermionic content. In particular,
the scalar sector is extended with two scalar doublets
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and two singlets, where one of the singlets is postulated
as a dark matter (DM) candidate.
The purpose of this work is to calculate the new con-
tribution to the diphoton channel decay width of the
Higgs, as it oﬀers a clear signal of new physics associ-
ated with the scalar sector, where loop contribution from
charged Higgs bosons are taken into account. Also,
since the signal strength depends on the ratio with the
total of Higgs boson decay, it is possible to evaluate the
eﬀects of a light DM component as an invisible ﬁnal
state.
This paper is organized as follows. Sec. 2 brieﬂy de-
scribes the scalar sector of the model. In Sec. 3, we
construct the most general Higgs potential. In partic-
ular, we obtain the mass spectrum of the scalar sector.
Section 4 is devoted to describe the additional contribu-
tion due to U(1)′ model in the diphoton Higgs decay.
Finally we show some results.
2. The Scalar sector
The proposed model belongs to the class of models
with one extra nonuniversal family U(1)′ symmetry
which is labeled as U(1)X . We are interested in the
scalar sector as shown in Table 1, where we have
two scalar doublets φ1, φ2 that produce electroweak
symmetry breaking that are identical under de SM, but
Available online at www.sciencedirect.com
Nuclear and Particle Physics Proceedings 267–269 (2015) 48–52
2405-6014/© 2015 Elsevier B.V. All rights reserved.
www.elsevier.com/locate/nppp
http://dx.doi.org/10.1016/j.nuclphysbps.2015.10.081
S pectrum Gsm U(1)X Feature
φ1 =
(
φ+1
1√
2
(υ2 + ξ2 + iφ02)
)
(1, 2, 1) 2/3 Scalar doublet
φ2 =
(
φ+2
1√
2
(υ2 + ξ2 + iφ02)
)
(1, 2, 1) 1/3 Scalar doublet
χ0 =
1√
2
(υχ + ξχ + iζχ) (1, 1, 0) −1/3 Scalar singlet
σ0 =
1√
2
(υσ + ξσ + iζσ) (1, 1, 0) −1/3 Scalar singlet
Table 1: The scalar sector content, where column Gsm, in-
dicates the transformation rule under de SM gauge group
(SU(3)C , SU(2)L, U(1)Y ), column U(1)X contains the values
of the new quantum number X, and in the labeled Feature the
type of ﬁeld.
with diﬀerent U(1)X charges, where the electroweak
scale is related with to the vacuum expectation values
(VEV) of the doublets by υ =
√
υ21 + υ
2
2.
On the other hand, we introduce an extra escalar sin-
glet χ0 with a VEV υχ required to produce the symmetry
breaking of U(1)X and another scalar singlet σ0 which
will be a DM candidate. In order to consider σ0 as a
DM candidate we impose the following properties:
• Since σ0 acquires nontrivial U(1)X charge, it must
be complex in order to obtain massive particles
necessary for DM.
• Terms involving odd powers of σ0 induce decay of
the DM, which spoils the prediction of the model
for the DM relic density. Thus, we demand the
following global symmetry
σ0 → eiθσ0. (1)
• In order to avoid the above symmetry to break
spontaneously or new sources of decay, σ0 must
not generate VEV during the evolution of the Uni-
verse. Thus, we demand υσ = 0
With the above conditions, we construct the Higgs
potential.
3. Higgs Potential
The most general, renormalizable, Gsm × U(1)X in-
variant potential consistent with the symmetries is,
V = μ21|φ1|2 + μ22|φ2|2 + μ23|χ0|2 + μ24|σ0|2
+ f2
(
φ†2φ1χ0 + h.c.
)
+ λ1|φ1|4 + λ2|φ2|4 + λ3|χ0|4 + λ4|σ0|4
+ |φ1|2
[
λ6|χ0|2 + λ′6|σ0|2
]
+ |φ2|2
[
λ7|χ0|2 + λ′7|σ0|2
]
+ λ5|φ1|2|φ2|2 + λ′5|φ†1φ2|2 + λ8|χ0|2|σ0|2. (2)
After symmetry breaking we obtain with the previous
potential the following mass eigenvectors,(
G±
H±
)
= Rβ
(
φ±1
φ±2
)
,
(
G0
A0
)
= Rβ
(
ζ1
ζ2
)
,(
h0
H0
)
= Rα
(
ξ1
ξ2
)
,
(
Hχ
Gχ
)
∼ I
(
ξχ
ζχ
)
, (3)
where G’s correspond to the Golstone bosons, the H’s
correspond to the physical massive Higgs bosons and I
is the identity. The rotation matrices are deﬁned accord-
ing to,
Rβ,α =
(
Cβ,α S β,α
−S β,α Cβ,α
)
. (4)
The rotation angles β and α are:
tan β = Tβ =
υ2
υ1
, (5)
sin 2α ≈ (6)
sin 2β
⎡⎢⎢⎢⎢⎣1 −
√
2C2βS 2βυ2
f2υχ
(
λˆ11C2β − λˆ12C2β − λˆ22S 2β
)⎤⎥⎥⎥⎥⎦ .
For the eigenvalues we ﬁnd,
M2H± ≈ M2H0 ≈ M2A0 ≈ −
f2υχ√
2
(
1 + Tβ
Tβ
)
,
M2Hχ ≈ 2λˆ33υ2χ,
M2h0 ≈ −
2υ2
1 + T 2β
(
λˆ11 + 2λˆ12T 2β + λˆ22T
4
β
)
. (7)
We deﬁne the following parameters:
λˆ11 = λ1, λˆ22 = λ2, λˆ33 = λ3,
λˆ12 =
1
2
(λ5 + λ′5). (8)
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We are assuming that the lightest scalar ﬁeld h0 corre-
sponds to the observed Higgs boson. We are interested
in the following trilinear couplings,
Vh0 = gH±H
+H−h0 + gσσ0σ∗0h0, (9)
where the couplings are deﬁned as
gH± = υCβ
(
λ5C2βCα + 2λ1S
2
βCα − λ′5S βCβS α
)
+ υS β
(
λ5S 2βS α + 2λ2C
2
βS α − λ′5S βCβCα
)
,
gσ = υ
(
λ′6CαCβ + λ
′
7S αS β
)
, (10)
with the above coupling we are interested to calculate
the new contribution to the diphoton Higgs decay pro-
cess.
4. Diphoton Higgs decay
In the SM, the decay of the Higgs boson to dipho-
ton is mediated by fermions and charged vector bosons
loops,
Figure 1: SM contributions
where the the diphoton Higgs width is [7],
Γ(h0 → γγ)S M = (11)
α2M2h0
256π3υ2
∣∣∣∣∣∣∣∣F1(τW ) +
∑
f
Nc f Q2f F1/2(τ f )
∣∣∣∣∣∣∣∣
2
,
where F1(τW ) contains the contribution to the
charged gauge boson loops and F1/2(τ f ) the fermion
loops as shown in Figure 1. In the U(1)′ model, there
is an additional contribution due to the charged Higgs
boson loop, obtaining the total diphoton Higgs width,
Γ(h0 → γγ) =
α2M2h0
256π3υ2
×∣∣∣∣∣∣∣∣F1(τW ) +
∑
f
Nc f Q2f F1/2(τ f ) + gH±F0(τH± )
∣∣∣∣∣∣∣∣
2
,
(12)
Figure 2: New contributions to diphoton decay due to the charged
Higgs bosons
where F0(τH± ) is the additional loop contribution as
shown in Figure 2, Nc f and Qf are the color and electric
charge factors, respectively, and:
τa =
4M2a
M2
h20
, (13)
for a = W, f and H±. The loop factors are:
F1 = 2 + 3τ + 3τ(2 − τ) f (τ),
F1/2 = −2τ[1 + (1 − τ) f (τ)],
F0 = τ[1 − τ f (τ)], (14)
with:
f (τ) =
⎧⎪⎪⎨⎪⎪⎩[sin
−1(1/
√
τ)]2, τ ≥ 1
− 14 [ln(η+/η−) − iπ]2 τ < 1,
(15)
where η± = 1 ±
√
1 − τ. The charged Higgs coupling
gH± is given by (10). On the other hand, experimentally,
the observable measured is the signal strength which is
deﬁned as the ratio between the h0 → γγ branching
decay of the U(1)′ model and the SM prediction:
Rγγ =
Br(h0 → γγ)
Br(h0 → γγ)S M . (16)
We identify two scenarios according to the mass of the
DM candidate of the model:
• Scenario I: If Mσ > Mh0/2 ≈ 63 GeV, the de-
cay of the Higgs boson to a DM pair is kinemat-
ically forbidden. Assuming that the ﬁnal states of
the Higgs boson decay are of SM nature, the sig-
nal strenght can be written as the ratio between the
decay widths,
Rγγ =
Γ(h0 → γγ)
Γ(h0 → γγ)S M . (17)
• Scenario II: If Mσ ≤ Mh0/2 ≈ 63 GeV, the de-
cay channel of the Higgs boson into DM pairs is
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allowed. In this case the signal strenght is given
by,
Rγγ =
Γ(h0 → γγ) × ΓS Mh0
Γ(h0 → γγ)S M ×
[
ΓS Mh0 + Γ(h0 → σσ)
] ,
(18)
where ΓS Mh0 is the total decay width of the SM
Higgs boson, while the width to a DM pair is,
Γ(h0 → σσ) = g
2
σ
2πM2h0
√
1 − 4M
2
σ
M2h0
. (19)
5. Results
We use the experimental data of the diphoton signal
strenght Rγγ = 1.65+0.34−0.30 reported by ATLAS [1] and
Rγγ = 0.78 ± 0.27 at CMS [2] for Mh0 = 125.5 GeV.
In the ﬁrst scenario the process without DM according
to the Higgs potential (2), is controlled by the individ-
ual couplings λ1 and λ2 as well by the mixing couplings
λ5 and λ′5. In our potential we make the following ap-
proximation; ﬁrst we set λ1 = λ2 which we call λD in
the same way λ12 = λ5 = λ′5 and we deﬁne the ratio
between these couplings as,
rλ =
λ12
λD
. (20)
Thus our parameter space is composed by
(Tβ, λD, rλ,MH± ). Taking into account that the
SM prediction for the diphoton branching is
Br(h0 → γγ)S M = 2.28 × 103, while its total
width is Γh0 = 4.07 × 103 GeV for 125 GeV SM Higgs
boson [8] we obtain the following constrains:
1. Fig. 3 displays contour plots in the plane (Tβ − λD)
for diﬀerent values of the ratio rλ. We ﬁx the
charged Higgs mass to MH± = 300 GeV. First, for
rλ < 0, the allowed regions exhibit peaks values of
Tβ. For larger negative values of this ratio, the peak
falls and the allowed band is drastically reduced to
narrow intervals at small values of λD, as shown in
the rλ = −0.4 plot. For rλ ≥ 0, the allowed λD
intervals increase with Tβ, as shown in the three
lower plots. In this case, we also see that for larger
values of rλ, the allowed intervals shrink to a nar-
row region at small values of λD. In general, these
ﬁgures show that small values of Tβ and large val-
ues of rλ are largely excluded. Thus, according to
the deﬁnition (20), the scenary where λ12 
 λD is
favoured by the diphoton decay. We also ﬁnd that
the above regions are not sensitive to variations of
the charged Higgs mass MH±
Figure 3: Allowed regions in the (Tβ, λD), plane, compatible with the
diphoton Higgs decay limits by ATLAS (black region) and CMS (gray
region), for six values of the coupling ratio rλ.
2. In Fig. 4, we show the allowed regions in the plane
(rλ−λD) for three values of Tβ and with MH± = 300
GeV. In this case we can obtain scenarios for the
entire rλ range from −1 to 1. For Tβ = 0.5 and
1 (small values). Only, narrow allowed intervals
appear for very small λD coupling. In contrast, for
Tβ = 10 (large values), the allowed values for λD
increase in the vicinity of rλ = 0.
Figure 4: Allowed regions in the (λD, rλ) plane, compatible with the
diphoton Higgs decay limits at ATLAS (black region) and CMS (gray
region), for three values of Tβ. The charged Higgs mass is ﬁxed to be
MH± = 300 GeV.
Now in the scenary II, the parameter space is extended
to (Tβ, λD, rλ,MH± , λ′,Mσ0 ). First, we obtain in Fig. 5
the allowed points in the plane (Mσ0 , λ
′) for λD = 4, 6, 8
and 12. The other parameters are ﬁxed to be Tβ = 10,
MH± = 300 GeV and rλ = 0. We can see that the cou-
pling with the DM candidate takes small values at low
mass. The limits on λ′ increase for larger masses, near
the kinematic limit at 63 GeV. We also see that large val-
ues of λD allow large couplings λ′. Finally, we evaluate
the ranges for λ′ which do not exhibit an upper limit
with only theoretical constraints. Fig. 6 shows plots in
the plane (λ′, Tβ) for rλ = 0 and three values for λD.
First, with λD = 1, we see that the λ′ can be as large as
1.7 for Tβ = 1. This upper limit increases quickly for
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larger couplings. For λD = 1 and 10, the limits increase
up to λ′ = 9 and 18, respectively.
Figure 5: Allowed regions in the (Mσ0 , λ
′) plane, compatible with the
diphoton Higgs decay limits at ATLAS (black region) and CMS (gray
region), for λD = 4, 6, 8, and 12. The other parameters are ﬁxed to be:
Tβ = 10, MH± = 300 GeV and rλ = 0.
Figure 6: Allowed regions in the (Tβ, λ′) plane, compatible with the
diphoton Higgs decay limits at ATLAS (black region) and CMS (gray
region), for three values of λD The other parameters are ﬁxed to be:
MH± = 300 GeV, Mσ0 = 60 GeV and rλ = 0.
6. Conclusions
Using recent data from CERN-LHC collider, we ob-
tain allowed points of the scalar parameters compatible
with the signal strenght of diphoton Higgs decay. We
conclude that:
1. As for the absolute value of λ5, we obtain that
small ratios rλ = λ12/λD are favoured.
2. We also observe that the allowed region is sensitive
to the sign of λ5.
3. In the U(1)′ model without DM, the couplings
λ1,2 = λD obtain very stringent bounds, exhibit-
ing narrow allowed intervals controlled by Tβ and
the mixing couplings λ5.
4. The diphoton Higgs decay in the proposed model
is controlled by the six parameters λ1,2,5, λ′5,6,7.
5. In U(1)′ model with DM the signal strength be-
come sensitive to the couplings λ′6,7 = λ
′ and Mσ0 .
The limits increase the values of the coupling λ′
for larger values of λD, and near Tβ = 1.
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